In present spin-based electronic devices such as magnetic tunnel junctions (MTJs), magnetization switching is being implemented by either spin transfer torque (STT) [1] [2] [3] or spin-orbit torque (SOT) [4, 5] . These current-driven switching methods require a very large current density, typically in the order of 10 6 -10 7 A/cm 2 for STT and 10 5 -10 6 A/cm 2 for SOT, which causes high-power consumption, and thus degrades the device endurance and scalability. Therefore, there is an intensified interest in new electric field-driven schemes for magnetization switching, whose key ingredient is to manipulate the magnetic anisotropy (MA) of the ferromagnetic thin films using a bias voltage [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
However, in ferromagnetic metals [11] [12] [13] [14] , the electron charging effect by an electric field is effective only in monolayer-thin films, and the modification is at most 10% of the total interfacial MA energy for a typical electric field of 1 V/nm, as also expected from density functional theory modelling [17] . Because of this small change in the MA energy, the demonstration of electric field-driven magnetization switching always requires an external magnetic field or a well-calibrated sequence of ultrafast electrical pulses [13] , both of which are impractical for device applications. The magnetoelectric effect in multiferroic materials such as BiFeO3 has shown to be promising for reducing the power consumption of magnetization switching by an order of magnitude [15] ; however, in those cases, the choice of materials is limited and the very low device endurance is a problem.
In this Letter, we represent that a highly effective magnetization switching can be implemented by moving the Fermi level (EF) between energy bands with differentsymmetry orbitals, which is induced by a strong change of the MA via spin-orbit interactions [ Fig. 1(a) ]. We call this new scheme orbital-controlled magnetization switching (OCMS). Using an MTJ composed of La0.67Sr0.33MnO3 (LSMO)/SrTiO3
(STO)/LSMO as a model system, we demonstrate a deterministic magnetic-field-free sharp 90°-switching of the magnetization induced solely by a small change in the electric field (~0.05 V/nm) applied on the tunnel barrier and a negligibly small current density (~ 10 -2 A/cm 2 ). These results also suggest that OCMS can possibly be applied to a wide range of materials that have only moderate spin-orbit interaction like LSMO if the band structure is appropriately designed.
For demonstrating OCMS, LSMO [18] [19] [20] is an ideal ferromagnetic material thanks to its band structure: Immediately (~0.2 eV) below the EF in LSMO at the LSMO/STO interface, there are the bottom band edge of the up-spin eg orbitals and the top band edge of the t2g orbitals [21, 22] . We study an MTJ structure consisting of, from the top surface, LSMO [18 unit cell (u.c.) = 7.0 nm]/STO (10 u.c. = 3.9 nm)/LSMO (40 u.c. = 15.6 nm), which was etched into a circular mesa with a diameter of 800 m [see (Fig. 2) . Here, the TMR ratio is defined as [R(H)- cos ∆ߠ = ଶோ P200 ோ AP200 ିோோ AP200 ିோோ P200 ோ(ோ AP200 ିோ P200 )
.
(1)
The estimated Δθ value is 87.7°, which is in excellent agreement with the above expectation of the 90° switching of the magnetization. Furthermore, when H // ሾ1 ത 10ሿ 
C2[110] and C2[100])
show very similar dependences on V. These findings indicate that the large MA change is induced by the change in the orbital symmetry at the EF. A similar strong correlation between the MA and DOS symmetry has also been reported for ferromagnetic semiconductor GaMnAs [24] , suggesting the universality of this phenomena for a wide variety of materials. Our result highlights the huge potential of using band engineering techniques for manipulating the magnetization.
In this work, as the bias voltage increases, the two-fold MA disappears and is replaced with a four-fold one at the LSMO interface, which enables the one-way rotation 
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Measurements of the in-plane magnetic-field-angle     H dependence of tunneling magnetoresistance (TMR).
To measure the H dependence of the TMR, at first we applied a strong magnetic field of 1 T in the direction opposite to H to align the magnetization directions; we then decreased the magnetic field to zero before the measurements. Subsequently, we started to measure the tunnel resistance R while increasing the magnetic field from zero in the H direction. The measurements were performed at every 10° step of H. The TMR ratio is defined as follows:
Here R(H) represents the tunnel resistance under H, and P is the spin polarization of the ferromagnetic layers. The TMR ratio depends on the relative angle  of the magnetization directions between the top and bottom LSMO layers, which differs depending on the direction and intensity of H due to the different magnetic anisotropy (MA) in the top and bottom LSMO layers. Therefore, by measuring the H dependence of TMR, we can characterize the MA of the ferromagnetic electrodes. From the RP200 and RAP200 values, using Eq. (S1) for 180°, we have the following relation:
Measurements of R
Here, Therefore, when V > 0 the change in the orbital symmetry from eg to t2g at the quasi EF only occurs in the top LSMO. Thus, we simplified the fitting process by keeping the set of fitting parameters of the anisotropy fields in the bottom layer fixed and varying only the parameters in the top layer, as summarized in Table 1 in the main manuscript. The TMR ratio was then calculated from using equation (S1). The H dependence of TMR reproduced by the Stoner-Wohlfarth model is represented in Fig. S2 , which can well explain the experimental data in Fig. 2(d) .
Bias-dependence of the magnetization-direction dependence of the DOS and the deduction of the symmetry components of the density of states (DOS)
We investigated the magnetization-direction dependence of the DOS by measuring tunneling anisotropic magnetoresistance (TAMR); we measured dI/dV by applying H = 10 kOe in various directions of H with a step of 10° at various V. Under this strong H, the magnetization directions of both LSMO layers are aligned in the H direction. Thus, TMR is zero for all H; however, dI/dV depends on H because the DOS of the ferromagnetic electrodes depends on the direction of the magnetization (// H). At each V and H, we define
where 〈 dூ d 〉 ఏ H is the averaged dI/dV over H at fixed V.
We deconvoluted the H dependence of (dI/dV) into three symmetry components using the following fitting equation at each V: Table 1 .
